1. The diurnal patterns of plasma aldosterone, plasma renin activity (PRA), cortisol and adrenocorticotrophic hormone(ACTH) in the supine and in the upright position have been studied in fourteen patients with primary aldosteronism, five with adenoma and nine with bilateral hyperplasia. Blood samples were drawn at intervals from 6 h to 30 min.
Introduction
It has been demonstrated (Katz, Romfh & Smith, 1972 ) that in the normal supine subjects a circadian rhythm of aldosterone exists paralleling that of cortisol and plasma renin activity with secretory phases at a higher level during the night and early morning hours. The persistence of this behaviour even after suppression of ACTH'') with dexamethasone (Williams, Cain, Dluhy & Underwood, 1972) suggests that renin is the essential factor in the maintenance of the biorhythm of aldosterone secretion.
Furthermore, aldosterone secretion behaves in an analogous manner in primary aldosteronism (Kem, Weinberger, Gomez-Sanchez, Kramer, Lerman, Furuyama & Nugent, 1973; Ganguly, Melada, Luetscher & Dowdy, 1973; Vetter, Berger, Armbuster, Siegenthaler, Werning & Vetter, 1974) , where plasma renin activity appears chronically suppressed. After dexamethasone this clinical picture disappears, indicating that ACTH plays a predominant role in aldosterone regulation in this disease. No significant changes of serum potassium are found at any time of the day. In addition, there are differences between adenoma and hyperplasia in the circadian rhythm of aldosterone secretion and the response of plasma aldosterone to changes in posture.
Patients
All fourteen patients presented the typical clinical picture of primary aldosteronism. The exact diagnosis was made on the basis of a reduced PRA in the presence of elevated urinary aldosterone and supported by various stimulation and suppression tests. 
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-Lateralization (five adenoma and nine bilateral hyperplasia) was determined by selective adrenal venography, adrenal vein plasma aldosterone concentrations and adrenal scintigraphy with iodocholesterol (Mantero, Macri, Feltrin, Armanini & Austoni, 1975) . Surgical intervention confirmed the diagnosis in five cases of adenoma and in two cases of bilateral hyperplasia. The other patients were under spironolactone therapy.
Patients were on acontrolled diet of normal sodium content (120 mmollday) and three studies were carried out: (1) the patients were supine the night before and throughout the course .of our studies (24 h), (2) patients were supine until morning (08.00 hours) and erect until 12.00 hours; (3) the same as (2) but after administering 1 mg of dexamethasone the night before at 23.00 hours and 0.5 mg at 08.00 hours.
In one patient of each group blood samples for aldosterone, cortisol and PRA were taken every 30 min. Plasma ACTH was determined only in a few samples.
Methods
Plasma aldosterone was measured according to the radioimmunoassay method previously described, with anti-(aldosterone 18,21-disuccinate) (NIH, sheep 088) antibodies after extraction and purification of the plasma by paper chromatography (Mantero, Armanini, Opocher, Gion, Sonino, Masarotto, Ridolfi & Boscaro, 1976 ) (normal range 79-317 pmolll).
Plasma cortisol was measured by a modified transcortin method (Murphy, Engelberg & Pattee, 1963 ) (normal range 137-551 nmolll).
Plasma renin activity (PRA) was determined by radioimmunoassay of angiotensin I liberated after 3 h incubation at pH 5.5 and 37"C, with a modification of the method of Stockigt, Collins & Biglieri (1971) (normal range 3-13 pmol h-' ml-I). Plasma ACTH was measured by radioimmunossay with a commercial kit (The Radiochemical Centre, Amersham, Bucks., U.K.) by the method of Ratcliffe & Edwards (1971) for extracting ACTH from plasma with porous glass; the antibodies were formed against the N-terminal sequence of 1-24 ACTH (normal range 86-260 fmol/l). Urinary aldosterone excretion was determined by a double-isotopic dilution method (Klirnan & Peterson, 1960) .
Results
The patients with adenoma studied in the supine position had a peak aldosterone concentration in the morning hours ( Table 1) . The value tended to decrease throughout the day, with a minimum reached by 18.00 hours. Episodes of elevated aldosterone secretion during night time and early morning were evident in those patients studied with samples drawn every 30-120 min.
Cortisol concentrations remained within normal limits and the circadian rhythm was conserved, with maximum values in the early morning and minimum values by 18.00 and 23.00 hours. Secretory episodes synchronous with those of aldosterone were evident in those patients studied withmore frequent sampling. ACTH attained its maximum values in the morning and its minimum by 12.00 hours, with similar later values. The mean PRA was below normal at all times, with little fluctuation over the 24 h period.
In patients with bilateral hyperplasia the basal aldosterone values at 08.00 hours were significantly lower than those in patients with adenoma. By 12.00 hours these values were already clearly reduced, and remained low for the following hours. In patients studied with more frequent sampling plasma aldosterone demonstrated oscillation quantitatively less marked than that seen in patients with adenomas. Even here the highest concentrations were obtained during the night and the early morning. Cortisol showed a similar pattern in patients with adenoma; yet here secretory spurts were not always synchronous with those of aldosterone. ACTH values were similar from 08.00 to 18.00 hours and decreased at 23.00 hours. PRA was below normal in all patients considered, and showed no significant changes.
Postural changes. Plasma aldosterone remained practically unchanged or decreased after 4 h of standing in patients with adenoma whereas aldosterone significantly increased in patients with bilateral hyperplasia. Plasma cortisol followed its usual daily fluctuations in both cases. PRA was below normal in both categories before and after standing. Furthermore, in patients with hyperplasia there was a modest but significant increase in PRA after standing.
Propranolol. To clarify whether the small increase in PRA seen in patients with bilateral hyperplasia was the cause of the increase in plasma aldosterone, the same experiment was performed after propranol-01 administration in a dose sufficient to block the renin response of a normal subject. Propranolol had no effect in this situation, i.e. standing did not influence plasma aldosterone in patients with an adenoma but aldosterone concentrations increased in patients with hyperplasia. In no case did PRA increase.
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Dexarnethasone. To determine the role of ACTH in the control of aldosterone in the two forms of the disease, endogenous ACTH was suppressed with dexamethasone. After its administration, the 08.00
hours supine values in both groups were significantly lower than basal conditions, and the diurnal patterns were flattened. After standing aldosterone showed a similar response in both groups, and the 08.00 hours supine values doubled in both cases. Thus the increase in aldosterone was blunted in hyperplasia, and a response now also occurred in those patients with adenoma.
Discussion
Our data confirm the existence of a characteristic pattern of plasma aldosterone in patients with hyperaldosteronism due to adenoma, with values in early morning significantly higher than those obtained throughout the course of the day. The values chosen for Table 1 correspond to the hours in which most data were obtained from all patients in the study. Data obtained in some patients with more frequent sampling (from 30 min to 2 h) demonstrate that repeated secretory episodes occur also during the day but that they are on the average lower than those that occur between 01.00 and 06.00 hours.
This pattern seems to be ACTH-dependent since it is synchronous with that of cortisol. The few daily determinations of ACTH do not provide sufficient evidence on this point, owing to the short half-life of this hormone.
The daily rhythm of aldosterone secretion is more uncertain in patients with bilateral hyperplasia. In fact, with values already elevated in the morning, the differences between various times is less evident; and with more frequent sampling true secretory phases were not found, but instead mere oscillations of the average values, these being slightly higher at night and early morning. The fact that cortisol is not synchronous with aldosterone in these patients suggests that aldosterone fluctuations are not under ACTH control.
In both forms of hyperaldosteronism the reninangiotensin system does not seem to be playing a role. It has been suggested that it could be responsible for the increase in aldosterone after standing in cases of bilateral hyperplasia and PRA or plasma renin concentration has been observed to be higher in patients with hyperplasia than with adenoma by other authors (Biglieri, Stockigt & Shambelan, 1972) . In our patients with hyperplasia we found a modest but significant increase of PRA in standing; however, this remained below normal values. It has been proposed that even small variations in angiotensin formation can cause changes in aldosterone production in bilateral hyperplasia. Our finding of a persistent increase in aldosterone even after propranolol Seems to exclude this hypothesis. Instead it seems probable that over-riding control by ACTH is the cause of the lack of response to standing in patients with adenoma, since this response is restored by dexamethasone. The factor or factors which determine the response to standing when ACTH is suppressed or in bilateral hyperplasia remain to be explained.
